The study of the structure of sulphamic acid NH 2 HS0 3 has been of · interest [79] [80] [81] [82] [83] [84] as its physical properties are considerably different form those of other substituted sulphuric acids. It has been suggested [80, 82] that it exists as zwitterion, NH; S0 3 in the solid state and as NH 2 -50 2 -OH in aqueous solution [83] . In the Raman spectrum [84] of sulphamic acid, the bands in the 2800-3200 cm-1 region are assigned to hydrogen bonded NH stretching vibrations of NH;. However, Vuagnant and Wagner [82] assigned some of the IR bands in this region to overtones of o NH;. In the present investigation, a number of additional bands and shift of some of the IR and Raman frequencies have been observed and hence a complete vibrational spectral analysis is taken up.
The Surface Enhanced Raman Scattering (SERS) spectrum of sulphamic acid is not yet studied, though detailed reports [52, [85] [86] [87] [88] of other oxyacid derivatives are available. A study of its SERS spectrum in silver colloid is expected to give informations regarding the co-ordination, geometry and orientation of the adsorbed molecule [52, 88] .
EXPERIMENTAL
Colloid 1 was prepared according to the process described by Creighton et al. [35] . 10 ml of silver nitrate solution (6xIO-4 M) was dropped slowly into 30 ml of sodium borohydride solution (1.5xlO-3 M) with vigorous stirring. All the solutions were chilled in ice water bath during preparation. Deionised
. double distilled water was used throughout the preparation. The resulting greenish yellow solution was stable at room temperature.
Colloid 2 was prepared according to Lee and Meisel's method [36] . 90mg
silver nitrate was dissolved in 500 ml of deionised double distilled water and the solution was heated to boiling. 10ml of 1% solution of sodium citrate was added dropwise to the boiling solution with vigorous stirring. The solution was kept boiling for further 10 minutes. The green grey solution thus obtained was stable at room temperature.
Raman spectra ( Absorption spectra of the silver colloid, sulphamic acid and adsorbed sulphamic acid (Fig 2.5 ) were recorded on UV-240 Shimaduz UV-Visible spectrophotometer. To get sample, for SERS spectra (Fig 2.6a and Fig 2. 6b), equal volumes of colloid 1 / colloid 2 and 10-4 M sulphamic acid were added and shaken well. The resulting solutions were placed in a rectangular quartz cell.
CRYSTAL STRUCTURE AND FACTOR GROUP ANALYSIS
Sulphamic acid crystallizes in the orthorhombic system Pbca ( D~) with eight formula units in the unit cell [79, 80] .All the atoms are in general positions. If the structure is NH 2 S0 2 -OH, the vibrational spectrum should show S -0 (H) and S = 0 stretching bands. In the Raman spectrum of both powder and aqueous solution samples, two bands are observed between 1000 and 1100 cm-1 . Of these, the band at 1061 cm-1 does not show decrease in intensity or lowering of frequency on passing from solution to solid state ( Fig.2 .fa).
Therefore, it can be easily assigned [7] to the symmetric stretching mode of S=O. 
SERS SPECTRA
In t~e SERS spectrum recorded in colloid 1 ( Therefore, the enhanced band at 1147 cm· 1 can be safely assigned to the wagging mode of NH 2 . The enhancement in intensity of the twisting, wagging and scissoring modes of NH 2 ( -cNH 2 , wNH 2 and 8NH 2 ) and the splitting of some of the modes are due to the change of symmetry of the molecule on chemisor ption and the consequent breakdown of selection rules [52, 88, 96] .
SERS spectrum in colloid 2 (Fig . 2 . 6b) 
CONCLUSION
Sulphamic acid molecule has a structure in between NH; so; and 
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�J -., ) Jt.i.!/. ; N, r1'1L, rJitvJ."�{�JrkJ, ., ., rw ,  .. . . .... Phosphates are poor scatterers and therefore expected to be good absorbers compared to arsenates. In this chapter the SERS spectra of ethylene diammonium phosphate (EDP) and ethylene diammonium arsenate (EDA), have been studied in two silver colloids. Greaves and Griffith [52] have investigated the SERS spectra of certain vanadates, phosphates and arsenates and found larger enhancement factor for phosphates compared to arsenates. They also noticed that larger anions interact less effectively with silver surface
EXPERIMENTAL
Two different colloids (i) greenish yellow (coUoid 1) and (ii) greenish grey (colloids 2) have been prepared as described in chapter 2. For recording SERS spectra, the samples were prepared by mixing equal volumes of . ,
colloid·}/ colloid 2 and 10-4 M aqueous sohiti(~m of the compounds. SERS spectra of the freshly prepared colloid 1 were also recorded-:The chemicals were procured from Sigma, USA and deionized water was used throughout. Raman spectra were recorded on a Dilor Z24 spectrometer using 514.5 nm radiation 
J.J INTERPRETATION OF THE SPECTRA

1 Spectra of EDP
In the SERS spectrum of EDP (Fig 3.1 ) a low frequency b<.lJ..-.A 1;;' ubserved at 234 cm-1 in colloid 1 and at 217 cm-1 is colloid 2 (Fig 3.2) . Further, in colloid 1 bands at 3300, 1598, 1476 and 1387 cm-modes are listed in But these bands are not observed in colloid 1. These observations suggest that (NH 3 )2 (CH2)~+ and HPO~-groups are close to the silver surface in colloid1 and colloid 2 respectively. In other words there are two adsorptive sites in EDP which supported by the low frequency bands at 234 and 214 cm-1 in colloid 1 and colloid 2 respectively. Bands in the SERS spectrum recorded in freshly prepared colloid 1 (Figure 3.3) are not intense. It seems that aged colloid is a better substrate for surface enhanced Raman scattering studies. The observation of separate bands for u as and Us and for Bas and Os of the P0 3 group suggests a low symmetry for the HPO~-ionin colloid 2.
2 Spectra of EDA
In the case of EDA, bands due to ethylene diammonium and arsenate groups are enhanced in colloid 1 (Fig. 3.4) . In colloid 2 only bands due to arsenate ion are enhanced (Fig 3.5 , Table 3 .2). In addition a low frequency band at 221 cm-1 i~observed (Fig, 3.4) . No splitting is observed for the stretching and bending modes of the arsenate ion indicating a higher symmetry for the ion when compared with phosphate. In other words the symmetry of the ion is probably not lowered due to adsorption or the ion may be existing as ASO~-rather than HASO~-. Though the arsenate bands are enhanced in both the colloids, low frequency bands which corresponds to silver-molecule stretching mode is observed only in colloid 1. Therefore, it is reasonable to assume that the band observed at 221 cm-1 is due to u Ag -N mode arising from the nearness of the ethylenediammonium group to the silver surface. The nonobservation of the low frequency u Ag-O band in both the colloids suggests that the enhancement of the arsenate bands is probably due to the electromagnetic field contribution. The u NH; mode in EDA is very broad and intense with a FWHM of about 418 em-I.
In fresh colloids (Fig 3.6 ) considerable enhancement is observed for a band at 778 ern-I. It also showed two low frequency bands at 194 and 106 em-I.
As the colloid is aged only a medium intense band around 221 cm-I is observed for this low frequency Ag -molecule stretching mode and both ethylene diammonium and arsenate bands are enhanced.
Results
1.
The arsenate ion in colloid 2 has a higher symmetry when compared with the phosphate ion.
2.
In EDA the non-observation of metal oxygen band in both the colloids suggests that the enhancement of the.arsenate ion is due to the electromagnetic field contribution.
3.
In EDP the adsorption is through nitrogen in colloid 1 and through oxygen in colloid 2. ..- ---------1026 . .
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